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EVALUATION OF THE FLUSH/FILL AND HIGH-PRESSURE

AIR PURGE PROCEDURES FOR CONVERTING

ARMY VEHICLES TO SILICONE BRAKE FLUID

1. INTRoI)U(CTl()N

fit 1967. the t .S. Armyv began developing a nmultipurpose silicone-based brake fluid which,

because of its piroperties, would replace all three of the conventional b~rake fluids currently in
use as well as eliminate the problems assoeiated with the use of these fluids.

Brake Fluid. Silicone (BFS). ML-l1-46176' which was developed in conjunction with in-

dustrv liv lte U.S. Armty Mobility Equipment Research an( Il)evelopnient Command (MERAD-
COM') was approved foir use in 1980. The M ERA I)C( M-proposed conversion method, wipe
anid clean, which involves systemn disassemblly anid wich was successfully tested in comprehen-

sive field tests was found to he impractical dlie to its labor requirements and cost. 2

Because of the configuration of hyvdraulic I rakiing systems andl the chemical properties of the
two fluids. contamination of the old fluid resuilts in those systems which are not disassembled.
NIERA I)C(N W- heaii investigating alternate procedutres for conversion which could be used to

aillei ale fte res.idiial cotamination lorobhluin inherent in jlrocedures which do not involve

The flush/fill inethod, which involves flushing the system with silicone brake fluid, was

iii'. etivateul andu found to lie ineffective especially in dlisc brake calipers. An air-purging

te-chnique usedb eaynd investigated byv [lie U.S. Armyv Tank-Automotive Command
TA( A)~l nvoles b or the old puilyglycol fluid out of the systenm by comp~ressed air.' This

aprahraises certain concerns aothesfl f*u a pirocedlure which includes the flani-

nialilitv and toxicitv of these fluids uinder these conditions. In addition. the use of pressurized

ai a ell ats general conversion pirocedures) ledt to the situdy of the air entrainment properties

Elf these fluidus since air is significantly detrinmental to brake (operation.

l~iildr Sp.if.;il..n lii -I. U~I 7.. nM. I-I,.,. .g~i.,,w iuOil,,i ,,. IllU ,,i~r. (i1wrau,,nunl find I'rrrivi. 27 Mar 78.

2 UVA K( iH* 1,rl No. Ii-ti4ib.,g,a.WO B fnva ,j f.*~ ing Irm I lehi- #to #iw~an,. Bro-ke f1-lau (fimh~sI Weti ,aoi

N-rr,,Inr 19).



The flammability of lte mists associated with a high-pressure purge technique creates a
hazardous situation if these mists and vapors are vented into the work p~lace. The toxicity data

available concerning the polyglycol fluids ind~icate that worker exposure should be mninimized.
the work place should iie monitored for atmospheric contamination, andl the results of current
test for carci nogen icity of possible b~reakdownl products should be nmonitoredl (as thie health pro-

tection standard is set at zero for all carcjinogens).

The air entrainmnent properties of tlie three silicone fluids and a polyglycol fluid have been)

mleasuiredl at various tein peratires. and these tests indicate that the silicones entrain less air andi

dispel it miore quickly than does the polyglycol fluid.

;~~z'z~~in1 theIL OFelvneso TESTS

1. Evaluation of Flush/Fill Procedure. The objective of this evaluation was to

detrmie he ffetienes o te sraihtfluh/fllprocedure in removing used glycol brake

Thre niiicar veics were used which had dlifferent brake systent configurations

whih rerereenatveof al atclbaesystems an(l components in ternis of fill andi
bedrline locations (Figure 1). The three vehicles were an M-1 51 ( 4-ton), an M-880 (1 V-ton),

a. he niointofresidual polvglycol in the wheel cylind~ers and( master cylinders after

b. The reduction in water content of used glycol birake fluid when preflushied with
new polyglycol fluid.

c. The amiount (of residual glycol in a wheel cylinder after application of an aspiration
method.

M-151 (All wheel cylinders identical).

Test I - Flush/Fill with IJFS.

Test 2 - 0 Flush/Fill with IIFS.

0 Aspirate one wheel cylinder with a l(O-ni syringe.

* Add additional BFS.

2



BLEEDER

M-151 WHEEL CYLINDER ( )
SFILL LIKE

- BLEEDER

M-880 REAR WHEEL CYLINDER
-- [---FILL LINE

BLEEDER

FILL LINE

M-880 FRONT DISC CALIPER QFLI

-- BLEEDER

M-812 WHEEL CYLINDER

Figure 1. Cross-sectional diagrams of wheel cylinders showing location of line and bleeder holes.
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M-880 - Flush/fill with BFS.

M-812.

IA Test I -0Withdraw a sinall samplde to determine the water content of the brake fluid.

0Flush with it threefold excess of new dlveol.

0Flush/fill with IJFS.I

Test 2 0 Aspirate a wheel cylinder in the laboratory.

The samples were' obtainied byv remiovinig die sealed cylinders from theveils
anid earefully draining the contenits into at plastic bottle. Water contents were determined using
the Karl Fischer Method (ASTM D1I7.14). Thel residual glyeoI/BFS levels were measured hy
voluietnec methods. A wheel cylinder fromn the right center wheel of the M-812 was mounted in
its nornial p)osition. filled with gly-cl fluid. amid aspirated by. using a syringe and a 6-in..
I 1-gaugve hypodermice needle which was bent to a 60-degree angle.

2. Flammability of Glycol Fluids.'l lie obijective (of this stuijly was to evaluate the pro-
pmosed air purge porocedure for fflygiveoJ brake fliuid in regard it) the po~tenJtial of mnist and
%apor formationi and the associated hazards of' flamimabuility or explosion iii closed areas such
ats automotive fulainteuice shops.

The U.S. Army Fuels and ILuricaius Research I ahoratorv (.4Fl RL~) has the expertise

amnd I eq ii ent nlecessarv for this ty-pe of research. This group investigated thie flauinnabilitv of
W-11-680 brake fluid under high-puressuire purging conditions.

F'or these tests, at usedl wheel cylinder front at 5-ton truck complete with sp~ring.
cups. and pistons was mounted in a posiioi' simfil ar to in-service use. A fluid reservoir was e-on-
mected to the inlet which votil be pressuurizedl b-, nitrogien. These tests were recorded onI film.

hInitially tests, at 50.1M0. and 150 hI/in.2 %tere conducted without ant ignition source
t visually docuimenit the mnist cloud fortiied in this procedure. fin the flammability tests anud

acetylene torch, a hot maifobi amid au electric spark were used as the ignition souirce.

3. Toxicity and Health Hazards of Polyglyeol Brake Fluid Components. The objec-
tiies (of this stiudy were:

0 To identify then toxicological and healthI hazard characteristics of the 'ommluon

pulyglycol brake fluid comp~onents.

4



0 To provide a prelimiinary assessinewi of the potential health hazards associatedl with
worker exposure occuplationially to thes'e compounds, in p~articular. with respect to ft,
vapors and mists associated with air purging of hydrauilic brake systems.

The six most widlely used polyglycol birake fluid components were targeted, anid a
preliminary literature search %%as cond~ucted b-y personnel of the U.S. Arumy Medical
llioenlgineering Research and D evelopment Laboratory (lISAN 1 RDL) to determine thec knowni
scientific informiation on the toxicological lproplerties. a lverse health effects. aod currenit health

Protec'tionl standards of these fluids (Appendix A). In addition to these fluids. it is recognized
that usage (if these fidis may resul in the presence of some breakdown produicts and sonic of
fte possible breakdowii products-are. also. suggested.

The toxicological aiid health hazard (data for flte six most comimonly used brake

fluid compllonents was extraeed fromi time literatutre. The sources of in foriiiat ion consutled are
listed in the RE FERENC ES. These compounds and thevir Chbemical Abstracts registry numbers
are:

0 Ethleni-ie glycol. G AS 10)7-21-1.

* JEllifleiie glvcol nionomeethvlether. CA S 109-86-4 for 2- M ethox veltbani)ol.
N1th leell 1 . 1osol1ve).

0 Ethn kem givol inoothy I0 ether. C AS 110-80-5 (or z-Ethioxvethaioh, cellosodve).

ID*i lIthve u glvcol monoitil ethier. CAS 1ll1-70-2 jor 2-B3mtoxv ethianol. butyl
eel losolve ).

0 IDiethv letie glycol. C AS I 11I-46-6.

* lDietilene ds-col muonolutl ether. CAS 112-3.4-5 (or 2-(2-ButoxyethONY) ethanioli.

The possible existence of bmreakdownm producets in used fluids led to tile
suggestion of fte possile miaterials iii Appentdix [I. The nmaterials have not been shown to be

p~resenit but would be catididates for a preliminary screening for degradationi p~roucts.

4. Air Entrainment of Brake Fluids. The objective of this study was to determine
lte air entrainnent prop1 ertie's of the BFS compared to the jiolvglycmil at various temnpera tires.
The air entrainment of the three silicone fluids and a VVX-1-680) glycol fluid was measured at
-ix temilperat tres using a turbidimeter. Them air entrainmnent resulting from pouring lte fluids
into a container was also investigatedl. A tuirbidimeter nicastires the concentration of particles in

floi6 b, aatteiseof light thger at turiditye (thle highe the amoudnt ofemTied irhe.
fh ldsiv n als o light. atee athe ah 90-de (ngle frome the ancidnt ofenti.ed hiher

~ .



Eacl4h I'ill %%as 'taiIized al 180"F. 770F. (050F tF' ~ F. 25-0 P' and (O F and lieII shakeni
ge ormii I 14r 1 5 s. Nfher sliak illg. flt- m plni es %% ere relt irie I 14) ft- in i o41 r cold box 144~a ill it

speciflid I teile rat ures a in a 14m(ell to si a m fo r 1 5 mnin. The Iiridt r1m411oeasiremniei s were t hen
Sa keit I %pp-ei\ Ck). Th'ie 4r4 .ess %,.it repeled ell ft11 li ie remi teill era u res a ft er 201 aid :10

ill. Th'le 30-ini realdimlg lvere lileled 44111 at 108'F and 77'F. shice thev showed onIk a
%vrN slight cimpg alter die 2(P-mni readiiig,.

second 4111 i4 i'4'IIr4 %44u a oel'rme rlill a 770'F 14hichi invle poi 1' I~ urinitg flicl test flid s

froml~ (hid l'omainier i1114 flte meao-iirilig tiil. Tis Jpro4ellire did4 not4 inltroducne anyl appJrec'iable4

aIIIii of' air ioto the saIilIl' aiil %%its aaIbamone.

This calitionI 441 th Ilftisli/fill 11r414eqIure Ior co~maersioit14 III'S 1indtedl that. allthou~ghft-

NI- I 5 ( hal le I eai'i'.(411 elde oiid I ot- effeel41IIkexy comInerled4 . flit- ma ijo rily II4f veicle could" [lot1 14 11lie

(Tles~4 2 adl 3). The4' " Nseis %%hiell hd (list- lrakes 444'r4. loartliarl. bad. Flushing with
f'reshi g11e4I flilil rl'1114voi abou4t 701 144 75 Jlerveitt 441 1114' 41141 Iweol flinjI and 1141114 41 ft-e pro4-

VV( 4I itres remoi%~'4 till liesidgi rI'in flti ii-141' t 1114' l4 hel c('IitI(ers. Aspiration (rable I'(was el'-
'eite ilt remnl41jg ablt 957 pe4r('4Iw of fte tsed gI1l ' Id 11j41 l no~it4 sIII4Ig). h144we14'r. this

t4lliil' is se'llle 141 1114. sl11idp- particle4s m4hi4'I would4 c'log flti ed4l'(4 oIf* f114' svring i''' 15' ill

til' 1 rocedt11r1'.

hese,. tests ioivae fij4 l '1te h14'd l i 't 14 irmtioit a41 so 4ia d i 4 it hi igih-p ressuIlre fIll- rg fit-1(11

a - 0 Iil t4' I ld11all jl~iIN haza rd. Th14 inIist I 4ve am114 fine iits ftl f Iessllr4' i ll(r4'ased4. an the 114

lti gll'r ,*apo4 r pr4'sime l' IfIin dl' 1ropJlets c(4411ri 1411 to fl 'it- ha zad . 4'( vol1ume1 oIf f~in 14 remia ii

'l, alr 1114 lhigi1l-e4ssimrl pirge ' fr 5 11111 %%as 2(0 pe4rvolIl.

Tis lt41in- g I 14iIrI sille 41 '1liatI i hazardou Ils ('41114 lit s c54re'atedl if tihe hi gh-pre'ssure' air

fpuIrg4-4 v4'r4'4 II be ised I i ill' t presence1 '4' it s4 411r44 (If i gn ifill (TIabl 1414). Foirthenrniore. i t4ratt U
dal show114 Iii dl 5441114' of, th1e commonly(111 used' b ra ke fltio solvent114'is J roti11'4 ali e'~p 

1 sio Iii aza rd

'4 illi air ill Ilie ratipgI' 1.1 I 9.8 1p4ercenti . B4caus o14~f tis. the4 hiazardI (of a miiajo r exp 144 4o iIs

11 imi more14 sel ere' thii tI fl 4tlI lid 14 f local~Iized4 ftlash inig and 114 111n g. %% ich also ex is tsCx unde114r

stI4'I 4%-4rkiImg co'ilii 41.

B~asedl on41 a Iall ab Io~vt 11'1 dI l Iata am heal14d th piro tecltion41 st and41ardIs. ati method4' 114 'or retm 4111

114111 -o g b10 ra ke fluid4 from 411i I-111' %e ice 14' ho5 ild Im11 iimiz 1.4 IrsomieflleI(xp4511r4'. flmtrI iclIa rI
11.% ilii i at i 44. 1T4'he111 atoshei i I'r14' 14'4 ' 1 14'54' ('14111441111 Ishtil be14114 rl'guidIar nv 114111to re 4) ill-

sure (441 vopim IdI 'I 4ith iiIN'/-hT As and proposed 114T44I'F 1-ST FI s . ppl'nd i A) for thel ghl' (41 '(IP

'IjlIit,. li il4I4itioi. ftl progress5 alII4 resilts (If ftll NCI. carci'('j114'l'il1 bioassay t4'sting pro-

v i ll P I l 4 11i ll Il 3l)l I '(I 1 Il i (of1 t I h se 1114lo t 11in d is a lo uv i i v r c ia k i I ' th e n im m e iar e 1 a ( c -
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Table I. Results of Flush/Fiji Procedure with BFS in M-1511

Percentage after BFS Flush/Fill

Cylinder Vol BFS (%) Vol Glycol (%)

Left Rear 100 0
Right Rear 100 0
Left Front 100 0
Right Front 100 0

Test I Results

All glycol removed by flush/fill.

There was a small amount (1/2 mm) of sludge2 remaining on the entire surface of the wheel
cylinder.

Time for all wheels = 30 min.

Test 2 Results

All glycol removed.

None of the sludge found in test I was removed.

Time for all wheels = I Y2 h.

I Examined two wheel cylinders (I front and I back). One of the pistons in each cylinder was non-functional

2 The sludge is a mixture of solid and semi-solid polyglycol degradation products, water, oxidation products of the fluid

with aluminum and cast iron cylinder materials, and rubber particulates.

Table 2. Results of Wheel and Master Cylinder Contents

After BFS Flush/Fill in M-880 (Bumper #WE2)*

Cylinder Vol Silicone Brake Fluid (%) Vol Glycol (%)

Left front caliper 12 88
Right front caliper 13 87
Right rear 32 68
Left rear 37 63
Master cylinder 100 0

•Vchicle mileage was 18,766 mi.
All cylinders were in good condition.

Volume of front calipers = 82 mi
Volume of wheel cylinders 15 ml.

Time to flush/fill 45 min.

A7



Table 3. Results of Wheel and Master Cylinder Contents After Fresh Glycol
Pre-flush and Silicone Brake Fluid Flush/Fill in M-812 (Bumper #MB 203)*

Test 1

Water Content in Brake System Water Content in Brake System**

(before fresh glycol pre-flush) (after fresh glycol pre-flush)

Wheel Cylinder Wt Water (%) Wt Water (%)

Left Rear 0.48 0.18

Right Rear 0.76 0.34
Left Center 0.42 0.15
Left Front 0.87 0.29
Right Front 0.16 0.23

Average 0.54 Average 0.24

Percentages after BFS Flush/Fill

Cylinder Vol Silicone Brake Fluid (%) Vol Sludge (%) Vol Glycol (%)

Left Rear 15 5 80
Right Rear 10 5 85

Left Center 14 1 85
Left Front 15 8 77
Right Front 10 8 82
Master Cylinder 91 9

Total volume of wheel cylinder = 105 ml
Time for all wheels = 45 min

Test 2

Percentages after BFS Flush/Fill and Aspirator

Cylinder Vol BFS (%) Vol Sludge (NO Vol Glycol (%)

Right Center 95 No sludge removed 5

lstimated time for all wheels = 21 h

*The left center wheel cylinder was in eccllent condition. Both the left front and right front wheel cylinders were leaking
and badly corroded. The right center wheel cylinder had already been replaced before the test. All wheel cylinders were
in very bad condition, but all were reinstalled on the vehicle because it had to be hack in service. The mechanics said
that no renlacement% were avAilable, and it would take about three weeks to obtain newones. Vehicle mileage was 3,783 mi.
"Water content of new fluil 0. 1317,

I8



Fable 4. Hazards Using Ignition Sources

Sample Pressure Ignition Fluid Vol
No. (lb/in. 2 ) Source Remaining (ml) Test Results

! 50 None 60 Initially a spray of large droplets followed
by a very fine mist/fog.

2 50 Acetylene 60 The initial mist was ignited by the torch
Torch and burned until the fluid/air ratio be-

came too low to support burning.

3 100 None 50 A spray of large droplets followed by a
very finely dispersed spray/fog.

4 100 Acetylene 50 The initial spray was ignited by the torch
Torch and burned until the fluid/air ratio be-

came too low to support burning.

5 150 None 40 A spray ot large droplets followed by a
very finely dispersed spray/fog.

6 150 Acetylene 40 The initial spray was ignited by the torch
Torch and burned until the fluid/air ratio be-

came too low to support burning.

7 150 None 20 1 min -- steady mist

2 min - steady mist

3 min - steady mist

4 min - intermittent mist

5 min - intermittent mist

9



Air enlrairnnent Iroperties of [lie silicone fluids as compared to a glycol fluid were found to
Iw lower than those of the polyglvcol (except after 5 rini at 77°F) and that the Union Carbide

BFS was the least likely to entrain air (Table 5 and Appendix C). Even though air entrainment

is too soIe extent a function of viscosity. ithe surface tension of silicones appears to take
precedence (Figure 2). thereby giving a lower air entrainment for the silicone fluids. Pouring
the silicnes did not introduce any alweiabhle amount of air after I rin and so no further
Itesting was iole (Table 6).

IV. ()N(CILSI()NS

The straight flush/fill proc'edure is not vonmplelely effective at used polyglycol remioval (ex-

cei in the M'I 51 vehicles) a'd is worst for calipers.

The air purge technique. while more efficient han flush/fill, leaves polyglvcol in the system

amd generates heaN inists and vapors. The flaiiability and toxicity of these mists and vapors

inmlicate that hazards exist. that per.monel exposure should Ie minimized, and the atmospheric

evels of these materials shou lie mo inihred to insure ciomniliaice with regulations.

The air lcntraimnent prollerties of the silivoues are less than those of the polyglycols.

)

I

J J N - J [J -- -



Table 5. Turbidity Measurements. NTU - Severe Agitation

NTU Ratings

Sample Temp (OF) After 5 min After 20 min After 30 min

Wagner H-79, HB 108 13 4.2 3.3
77 20 3.8 3.5

65 22 3.6
40 65 4.5
25 95 5.7

0 245 110

Dow 1000, BFS 108 0.8 0.5 0.5
77 205 0.5 0.4
65 1.7 1.6
40 1.7 1.6
25 1.8 1.7

0 2.6 1.8

GE 1001. BFS 108 1.0 0.9 0.9
77 180 1.2 0.8
65 1.5 0.9

40 2.8 0.7
25 0.9 0.9

0 8.0 7.5

UC 1002, BFS 108 0.8 0.7 0.7
77 125 0.8 0.6

65 0.9 0.9
40 0.9 0.8
25 1.0 0.8

0 1.2 0.9

I
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1000-

DOW CORNING, BFS
UNION CARBIDE, BFS

GENERAL ELECTRIC, BFS

100

WAGNER H-79, HB

1225 200 175 150 125 100 75 50 25 0 -25 -50 -75

TEMPERATURE (On)

Figure 2. Viscosity as a function of temperature for a poiyglycol and three silicone fluids.
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Table 6. Turbidity Measurements, NTU - Mild Agitation

NTU Ratings

Fluid Sample Temp (OF) After I min

Wagner H-79, HB 77 2.5

Dow 1000, BES 77 0.4

7GE 1001, BFS 77 0.9

U.C. 10012. BFS 77 0.7
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APPENDIX A

TOXICOLOGIC PROPERTIES AND POTENTIAL HEALTH EFFECTS OF

SELE TEl) P( )LVGLYCO L BRAKE FLUID COMPONENTS:

A PRELIMINARY LITERATURE SURVEY

A. Toxicologic properties and Potential Health Effects.

1. IDiethylene glycol

a. Toxicologic Properties:

(11 Irritation IDose:

12J Toxic D~ome:

Orail-rloil 1,1 )50: 1 4800 ing/kg

Orniiwgim 1,1)501: 237(X) mg/lkg
Ihil~ if J i ii- IAl~:IM I111/ 2 1,
S1 4t1(i l 111,eII.I4 IIe I)Ii 5g /k
Oral-flog - 1,1)5(1: 9000) mtg/kg,

Oral-cat - 1,1).50::300 iig/kgr
Oriil-uhi w ig 1,I)51: 784 N) mgw/kg,
hiuraiteiiow.u-ritlil 1,[)5(0: 20001( iig/kg

(31p Aquatic Toxicit- Hitting:

b. Human Health Effects - Symptoms:

lI~d 411 til . ~ ng - im. (lid rrheai. *a vsim4 I. ' iII~n- fti. voml11 .

15



2. IDietlivlenle glycol itionobutyl ether or Ethanol, 2(2-Butoxyet boxy

a. Toxicologic Properies.:

Ev.e-rabbii 5 mg E

(2) Toxic Dose:

Orai-ral 1,150: 6.5001 mg/kg
lIItrailowri4)i(a-iiiofiM' L 1,5(): 8.5() igk
Skiii-rmlibit I D 5(J: 41201 ing/k
Oral-giiiea pig [115(1 2(10(1 iuglko

4:3) Aq uatic Toxicity Rating:

'11,111 90: 10(NI - 101))11

b. Htutimn Health Effct(-I - Svnptont.ii:

NN4-;kl% Io~ir, %%k il 'IIJIIIs imilir io elili-m dgl~4

:3. thi-Ierie .ukeol

*m. Toxicologic P'roperties:

11 Irrigation D~ose:

' .- rmi 12 111 g/,113 /3 JD

J Ep-rl-Aphi 12 sig/mYO3J
V~ e-righihpit I H.1( sn/6Ih/1( II

12) Toxic D~ose:

Pral-chld 'I'I lb i 7~l tmdk- ,k TFVS)~ S
Ondg-Imigisis ID11,4: 7101 mg/kg,

11wliltiqI-hIIlllildi I(:,4:I 11(( fig/ll' 'I'\:MS

Iraid-ria.I .1)5(: )8.1() J~ mgkg

16



Intra1 )eritofleal-rat-LD50: 53M ing/kgr

hitraveneois-ra-L)LO: 2800 ini kg
I ntraainiwular-rat-LI)Lo: 33001 iing/kg-
()ral-itoise-LJ)50: 7500 iiig/k-,
InEtra 1)eritollealIti()tIe: LIILo: 1700 ing/kg
Stulwtmtaneois-i1Iotise: LI)Lo: 2700 mgt/kgv
Iiitraveioa-iiioie: LI)50: 3300 mg/kg
Ora I-cat-I A50: 20(M mgo/kgr

Sit bent a eois-ca t- LDLo: 1('() iinglkg
I ll ralperitoiieal-rahil-1.I )Lo: 1 (M) ing/kg

1uurav~iu-raubi-LlLo:5 gin/kg,
liutr~iiu(tuiu~luar-ral)iit-LI)1IA): 5500 tug/kg4
Onira-iuniea pig- LAIS: 6610 iiig/kg -

Sticltuwotis-guinea 1)ig liIlo: 5000 mgi,/kg,

(3) Aquatic Toxicity Rating:

'~96: 1000 - 10 jm

b. Human Health Effects - Symptoms:

ColjtiueokIit is. t11sil 111d uI oiiitiug. ad4)itunal p)ain, weaknes. airiasis.
v~inosis. trviuor aiiq lcoiilsioin ( fits~). areflexia. n~arcosis (p~araivsis) andi voita.

1. Ethylene givcoI mnmobiutyl ether. or Ethanol, 2-butoxy

a. Toxicologic Properties:

(1) Irritation D~ose:

Skiiiraibbit-5)0 iii-g ojueti MIA)

I~e-raliii - 18 tit,,

(2) Toxic Dose:

Ituu~I~~iuuh~ut~uu-i;t:195 ppmi/811 TF\:IHH
traI-nt-1,1)50: I W-O itig/kgr

Ildaltioii-rat-IA I o: 500 ltltttl/.1U
I ttajieritmutea-rat-Ii 50: 550) nug/kg
hlia~etno'-rat-I 1)50: 3140 ing/kor
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OraI-mise*,-HI).5(: 1230) imAg/k

Iiira cmou-nimic-I.150:I36 mg/k,

O ral-rabbnit-I)D50: :320 mg,/kg
Iiitriktiiiii-rjilIiiI-I 1)50: 280 mg/kg
( ral-guiea pig-LD 50: 12(K) m-ikg
Skinl-ammilia uiI )5:230 imaik-g

43) Aqu~atic Toxicity Ratting:

b. Human Health Effects - Symtptomis:

lrriidtioi O 4wts aiiI rcs1)irat4)ry tract: headIachec toxic ito Ii~er an idnv - lw

ten)) 4t iiiirv atli i vaIpor C lcnilt rat 141 in air. resii It ip, ill hep at ic
1i)lcigobIim-ilia and aihuminuria: also) toic I~ skill absorption.

. thylene gliv' nionornethyl ether; or IEthajnaf. 2 -nietlioxy

a. Toxicologic Properties:

41) Irritation Dos4e:

Skiii-ralbhit: .183 ngl2 ill MIL)
E~v-raldut: 97 mg

121 Toxic Dose:

)rbalhuinum anI) 25 :138( mg/kgN

O ral-rat-I.I50: 216 nig/kgA4
Iilhalato-ral.I .l4) 21HH) rpm/41i

I ral-rabbhi-I,)50: 8() mg/kg
Itihalfat ioni-ra)I itl- 1,160: 13141 rng/kg
O ra I-ginea pig-1I .)51): 950 m-g
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(3) Aquatic Toxicity Rating:

I ii 96: IWO0 - 10( pmn

b. Human Health Effects - Symiptoms-

6. Ethi'lene glycol monoethyl ether, or Ethanol 2-ethoxy

a. Toxicologic Properties:

41) Irritation Dose:

L~4e-Iiimiia i: 0000 pjmi

Skiii-rahhit: 5MN mug opeii MIILD
Eie-rabbnit: .10 titg MIOD
Eye-giiinea p~ig: 1I () ug MIA)

12) Toxic D~ose:

Oral-rat - 1,1)5(): 3000 iug/kg
lilialit ion-rat-I AJb): .14)0 ppmi/4 I
O ral-nlmuse-LI);5): 4300) mug/kg

I IIIral writotneaI-rat-LI )I i: 12M0 tug/ikg
hililatim)i-muuisie-lA 50: I1820) ppm
I iutraperitotiv-imoue-LI )50: 1710 tug/kg,

Iiitraiiiii-iuo4tise-I1)50: 390W in ,r/Iktr
Oral-ralilit-LI )50: 31(M) tug/kgr

Ski it-raluhit-LI): 3500) tug/kg,
Oral-gutieau p.i-LI)5): 14W4 mg/kg
hi lialat iiII-rai nea pig-t-A C i: 3000H Iiniun/24I I

(3) Aqtvatic Toxicity Rating:

ILit 96: I01M) - I (N) ppm

b. Human Health Effects - S mptors:

IleaidIcier: dizzimu-s: ilrqpwzitwes: irritation of eves. tremor: ataxia (d~efective colitrof

of musc~'les): Roiiulwrg' Sign: gast ro iutestiiaI dIistuirb~ance: and weight Ios*.
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B. Glossary and Key to Abbreviations

1. Units of Exposure and Units of Dose

mig/kg = milligrams per kilogram
g= micrograms

p/m= parts per million as a unit of air volume

mg/m3 = milligrams per cubic meter

gm/kg = grain per kilogram

2. Duration of Exposure

min = minutes
h = hours
(I = days
wk = weeks

yr y years

3. Description of Exposure

Ili order to better describe the administered dose reported in the literature. six

abbreviations are used. These terms indicate whether the dose caused death (LI)) or other toxic

effects (TI)) and whether it was administered as a lethal concentration (IA;) or toxic concentra-

tion (TC) in the inhaled air. In general. the tern "Lo" is used where the number of subjects
studied was not a significant number from the population or the calculated percentage of sub-

jects showing all effect was listed as 100. The definition of ternhs is as follows:

TIl)o-Toxic )ose Low-the lowest dose of a substance introduced by any route.
other than inhalation, over any given period of time and reported to produce any toxic e'fect in

humans or to produce carcinogenic, neoplastigenie. or teratogenic effects *in animals or

humans.

TCLo-Toxic Concentration Low-the lowest concentration of a substance in air to

which humans or animals have been exposed for any given period of time that has produred

any toxic effect in humans or produced a carcinogenic, neoplastigenic. or teratogenie effect ill

animals or humans.

20



1,I)Lo-Letlial D~ose [mw-tie lowvest (lost- (other thani I)50) of a sulistaiicc introdluceel
Iii anyv route. oilier than inhalation. ov~er ani% given period of tine ill one or muoire dividj~ed J)4w

* tioills and( reported to have caus~ed death inl humnans or animals.

LI)50-Lethal Dose Fifti-a 4calcutlated dosJe of a suibstanee whIichI is expectedl to (cauise

the death of 50 percent of anl entire dlefined experimental aiunial poptulationi. It is determninedl
front the exposure to the substaince byv any route other than inhalation of a significant numbier

fronm that population. O ther lethal dlose percentages, suclh as LIM 1,1) 10, LI)30. and 1,)()9.

mtay loe published inl the scientific literature for the specific p)urposes of tile auithor. Such diata
%vould be published inl tile- Registr% if these figures, :n the absence of a calculatedl lethal (lose
(1,1)50), were the lowest fouidill the literature.

LIl~o-Lehaul ( veitato Low-the lowest vonceuutration of a substance inl air. other
than IA 50. which has been reported to have-( caused death inl hutmans or animials. The reported
conicentrat ions mtay Iot- entereil for periodis (of exposure which are less thani 24 Ii (acute) or

greater than 24 Ii (subacuite andl chroic). -

lA:50-lliaul ( .414iltidtiiiil Fifll-a c'alcuilatedl coiiceiitraionu of' a suistanre ill air.
expotire to, wich iiel i s pec ified It-i-, gth f t ime is ex pected to14 ca ume the 4dea t h if 5) perent oif

an entire de fine eu' 4xperientialI animiia I H iilIat io n. It is d etermned i44 friom the exj 44 iore t4o thle
snibstaice of' it si-rmificai t i uier fromt that poijiuatioin.

The4 foilliming. table -iinini1arize?. the above information:

Exposure Route of Toxic Effects

Category Time Etxposure iInlll Animal

TDLo Acute or chronic All except inhlalationt Any iton-lethal C'AR, NEO IETA. TER

TC Lo Acute or chronic Inhlalation Ally lnon-lethal C'AR. NiLO FTA. TELR

LDLo Acute or chronic All except inhalation Decath tDeathl

LD50 Acute All except inhalation Not applic-ihle D~eathl
(Statistically determined)

LC Lo Acute or chronic Iiihalat ion D~eathl DeathI

LCSO Acute Inhalation Not applicahle Death
(Statistically determined)
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4. Skin and Eye Irritation Toxicology Data

The method of testing substances for primary skin irritation given in the Code of
Federal Regulations does not include an interpretation of the response. However, some authors
do include a subjective rating of the irritation observed. If such a severity rating is given, it is
included in the data line as mild ("MLD"), moderate ("MOD"), or severe ("SEV"). The Draize
procedure employs a rating scheme which is included here for informational purposes only,
since other researchers may not categorize irritation response in this manner.

Category Code Skin Reaction

Mild MLD Well defined erythema and slight edema
(edges of area well defined by definite
raising)

Moderate MOD Moderate to severe erythema and
moderate edema (area raised approxi-
mately 1 mm)

Severe SEV Severe erythema (beet redness) to slight
eschar formation (injuries in depth) and
severe edema (raised more than 1 mm

and extending beyond area of exposure)

5. Exposure Standards and Guidelines

a. TIN = Threshold Limit Values

b. TWA = Time Weighted Averages

c. STEL Short Term Exposure Limits

Threshold Limit Value (TLV). The TIN is an ACGItl-recommended upper limit
(ceiling) or time-weighted average concentration of a substance to which most workers can be
exposed without adverse effect. This concentration may be designated as a ceiling ("CL") or
tine-weighted average concentration ("TWA"), or as a notation ("SKN"). indicating that even

though the air concentration may be below the limit value, significant additional exposure to

the skin may Ie dangerous. The TLVs are taken from Documentation of the Threshold Limit

Values for Substances in Workroom Air (third edition). Cincinnati: ACGIH. 1976, or its sup-

plement. or from documentation appearing in ACGIH annual reports.

22
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APPENDIX B

POTENTIAL POLYGLYCOL BRAKE FLUID

*1 CONSTITUEN~T BREAKDOWN PRODUCTS

The following is a partial listing of the compounds that might occur as the result of break-
down of polyglycol brake fluid components. and which may result under conditions of use in
Army vehicles.

Potential Breakdown Products

1. Glycolaldehyde

2. Glyoxal

3. Glycolic acid

4. Glyoxylic acid

5. Glycolide

6. Acetaldehyde

7. Acetic acid

8. Acethoxyl acetaldehyde

9. Metboxyacetic acid

10. Ethoxy acetaldehyde

11. Ethoxyacetic acid

12. n-Butoxy acetaldehyde

13. n-Butoxy acetic acid

14. HIydroxyethoxy acetaldehyde
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15. Ilvdroxvethoxv acetic acid (ethylene glycol monoacetic acid)

16. l)iglyeolic acid

17. ( 0\alic acid

18. Fornaldehyde

DISCUSSION

1. Chemstry

This list of properties is not exhausted. In particular, there are many potential
hydroperoxy compounds (i.e., those with -OOH), especially where the hydroperoxy is on a car-
bon linked to another oxygen. These compounds are not extremely stable, and their isolation
and identification would he difficult.

2. Toxicology and Health Effects

A very preliminary screen of the scientific data base on known toxicology and health
effects data base has been conducted on these potential breakdown products. Of most

significance for evaluation of potential health hazards, two of the compounds listed above.
oxalic acid and formaldehyde, were found to be included in the National Cancer Institute
(NCI) Bioassay Testing Program of the National Toxicology Program (NTP). The intent of this
evaluation program is to conduct careinogen|icity evaluation of compounds suspected to be
potential carcinogens. Oxalic acid has been selected for testing through standard NCI oral
testing Protocools using the mouse and rat. Formaldehyde has been selected for testing through
a bioassay program consisting of inhalation exposure to mice.

if proven carcinogens, this implies under current U.S. occupational health protection
regulatory policies that exposure in any form is prohibited. as the health protection standard is
set at zero for all carcinogens. Given a positive carcinogen testing finding for either of these
compounds under the NCI bioassay would, therefore, support the requirement to more

thoroughly characterize the chemical composition of polyglycol brake fluids contained in
existing Army fleet vehicles to validate the absence of these compounds, or to insure com-
pliance with regulatory policies if these compounds are found to be present.
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APPENDIX C

INTERPRETATION OF NEPHELOMETRIC TURBIDITY UNITS (NTU)

Turbidity Range (NTU) Appearance of Fluid

0-1.0 Clear (No Visible Entrained Air)
1-10 Very Slight Haze (Minute Amount of Entrained Air)
10-40 Visably Hazy (Small Amount of Entrained Air)
40-100 Cloudy (Moderate Amount of Entrained Air)
100-400 Very Cloudy (Large Amount of Entrained Air)
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